We report our recent development in pursuing high Quality-Factor (high-Q factor) plasmonic resonances, with vertically aligned two dimensional (2-D) periodic nanorod arrays. The 2-D vertically aligned nano-antenna array can have high-Q resonances varying arbitrarily from near infrared to terahertz regime, as the antenna resonances of the nanorod are highly tunable through material properties, the length of the nanorod, and the orthogonal polarization direction with respect to the lattice surface,. The high-Q in combination with the small optical mode volume gives a very high Purcell factor, which could potentially be applied to various enhanced nonlinear photonics or optoelectronic devices. The 'hot spots' around the nanorods can be easily harvested as no index-matching is necessary. The resonances maintain their high-Q factor with the change of the environmental refractive index, which is of great interest for molecular sensing.
INTRODUCTION
With the ever-increasing interest to apply plasmonic resonances to various applications, many unusual phenomena have been observed and explained. In the examples such as surface enhanced infrared/Raman spectroscopy [1, 2] and SurfacePlasmon-Amplified-Stimulated-Emission-by-Radiation (SPASER), [3] a common goal is to engineer the resonances so that they can be tuned to different wavelengths without significant change of their quality factors (Q) and field enhancement factors. However, for many plasmonic resonators, high Q factor can only be achieved with index matching technique, which greatly limits the accessibility of the "hot spots" generated around the plasmonic structures. In our recent report, we have demonstrated that a monopole phased array possesses index-matching-free high-Q resonances. [4] Here, we discuss its analytical model in details and how we achieve index-matching-free sharp resonances with large tunability in the phased array system. The analytica in a periodic small enough periodic and separated far
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